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ABSTRACT 
Optimally-chiral electromagnetic fields with maximized helicity density, recently introduced in [1], enable 
chirality characterization of optically small nanoparticles. Here, we demonstrate a technique to obtain opti-
mally-chiral nearfields that leads to the maximization of helicity density, under the constraint of constant 
energy density, beyond the diffraction limit. We show how optimally-chiral illumination induces balanced 
electric and magnetic dipole moments in an achiral dielectric nanoantenna which leads to generating opti-
mally-chiral scattered and total nearfield. In particular, we explore helicity and energy densities in nearfield 
of a spherical dielectric nanoantenna illuminated by an optimally-chiral combination of azimuthally and ra-
dially polarized beams that generates parallel induced electric and magnetic dipole moments that in turn also 
generate optimally-chiral scattered field with the same handedness of the incident field. The application of 
helicity maximization to nearfields results in helicity enhancement at nanoscale which is of great advantage 
in the detection of nanoscale chiral samples, microscopy, and optical manipulation of chiral nanoparticles. 
I. INTRODUCTION 
Chiral nanoparticles lack any plane or center of symmetry in 
their structures [2] and each pair of their mirror-imaged 
structures, called enantiomers, have the same constitutions 
but different optical properties [3]. Considering their broad 
range of applications in sciences and technologies in areas 
like chemistry, biology, and pharmacology [4]–[6], many 
studies have been performed to enhance the range of chiral-
ity detection, e.g., by introducing the concept of super-chiral 
light [7] or by the use of near-fields of plasmonic structures 
[8]–[19].  
Recently, in a separate work (see Ref. [1]), we have intro-
duced the concept of helicity maximization and have elabo-
rated that chirality characterization of nanoparticles is 
achieved when fields with maximum helicity density, called 
optimally-chiral fields, are employed in the dissymmetry 
factor g [20]. In Ref. [1] we have defined optimally-chiral 
fields that possess the maximum helicity density among all 
possible fields with same energy density. In optimally-chiral 
fields the electric E  and magnetic H field components sat-
isfy the condition 
0 ,iE = H      (1) 
where +/- sign indicates positive/negative helicity density 
(handedness) and 0 is the intrinsic impedance of vacuum. 
Monochromatic electromagnetic fields with time depend-
ence exp( )i t− , where   is the angular frequency, are con-
sidered throughout the paper. Satisfaction of Eq. (1) guaran-
tees the existence of the linear relationship | /| h u =  
among time-averaged helicity density 
0 ){ } (2/h c
= E H  [21]–[25] and time-averaged energy 
density 20 0
2( ) / 4u = +| E | | H |  of the field. Here, “*” 
denotes complex conjugation and {}   indicates the imagi-
nary part of a complex value. Moreover, 0 , 0 , and 0c are, 
respectively, the permittivity, permeability, and speed of 
light in vacuum. This condition has the property of removing 
details of fields from the dissymmetry factor g and enables 
chirality characterization at nanoscale as shown in Refs.  [1], 
[26]. Note that optimally-chiral fields are eigen vectors of 
helicity operator [27], [28].   
A practical example of an optimally-chiral field is the super-
position of an azimuthally polarized beam (APB) [29]–[34] 
and a radially polarized beam (RPB) [34]–[36], called an 
ARPB, with appropriate relative amplitudes and phase dif-
ference [26], [37], [38]. In optimally-chiral ARPB, reducing 
the beam waist results in simultaneous enhancement in en-
ergy and helicity densities [26].  However, this simultaneous 
increase in both helicity and energy densities does not nec-
essarily occur in the nearfield of a generic nanoantenna. 
Nanoantennas are useful when localization is required, and 
one wants to generate high helicity at nanoscale. In the past 
decade plasmonic nanoparticles have been used to generate 
high electric field for spectroscopy and other applications, 
here instead we aim at generating nearfield with large helic-
ity density.   
It should be noted that a related concept involving the ARPB 
was also considered in [39] to excite a nanoparticle with both 
electric and magnetic dipole moments, however there the 
two ARP and APB beams were in phase so the composed 
beam does not provide chiral light, while in [1], [26] and in 
this paper the ARPB  carries chiral light, indeed we show 
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that is optimally chiral. In [39] helicity of the scattered field 
was generated by having a proper phase shift between the 
electric and magnetic dipole moments, however the incident 
field was not chiral. Here instead, using the concept of opti-
mal helicity, both the scattered field and the incident field 
carry the same sign of helicity and the total field is also op-
timally chiral. Moreover, the role of the energy density in 
helicity enhancement was not discussed in [39]. In this pa-
per, we show how to obtain optimally-chiral nearfields. To 
that end, we investigate helicity density in nearfield of a 
spherical dielectric nanoantenna (NA) illuminated by an op-
timally-chiral ARPB. 
In the present analysis we elaborate that maximum helicity 
enhancement does not coincide with maximum energy en-
hancement for optically small NAs modelled by induced di-
pole moments. Indeed, we show that the radius of a dielectric 
NA which results in generating maximum helicity enhance-
ment takes a value between those radii corresponding to 
maximum energy density enhancement and optimally-chiral 
nearfield. Therefore, for applications where the linear rela-
tion between time-averaged helicity and energy densities are 
required, such as chirality characterization of nanoparticles, 
it may be advantageous to slightly compromise helicity en-
hancement in favor of nearfields satisfying the optimal chi-
rality condition (1). However, as discussed in this paper, 
when maximum helicity enhancement in the nearfield of a 
NA is desired, maximization of energy density is the goal, 
since helicity enhancement is affected more effectively by 
increasing the energy density compared to satisfying condi-
tion (1). 
We emphasize that one advantage of using the nearfield of a 
dielectric NA over that  of a plasmonic NA is that in the latter 
the sign (handedness) of helicity density changes in the 
space around it [8], [9], [40]. Instead, dielectric NAs are ca-
pable of generating helicity density with the same handed-
ness everywhere, even when they are arranged in an array 
[41].  
II. OPTIMALLY-CHIRAL NEARFIELD  
Let us assume that a dielectric NA with high refractive index 
is located at the center of a Cartesian coordinate system and 
it is illuminated by an optical beam propagating along the 
z+  direction as in FIG. 1 (a).  
The total nearfield of a NA includes contributions from both 
the incident optical beam and its scattered nearfield, denoted 
respectively by subscripts “inc” and “sca”,  
sca inc
sca inc
,
.
+
+
E = E E
H = H H
     (2)
Substituting Eq. (2) into 0 ){ } (2/h c
= E H , the helicity 
density h  of the nearfield around a NA reads 
inc sca int ,h h h h= + +     (3)  
where sca sca sca 0{ } )/ (2h c
=  E H  and 
inc inc inc 0{ } )/ (2h c
=  E H  are, respectively, the helicity 
densities of the scattered and incident fields. 
 
 
FIG. 1. Nearfield of a high-density NA is used to generate enhanced 
helicity density with respect to that of an incident beam. (a) An op-
tical beam propagating along the z direction illuminates a NA lo-
cated at the center of the coordinate system. (b) The dielectric NA 
is modeled by induced electric and magnetic dipole moments NAp
and  NAm , respectively, and their scattered nearfields demonstrate 
high helicity density in the vicinity of the NA.  
Moreover, inth , which we call interference helicity density, 
reads 
 int sca inc inc sca
0
1
.
2
h
c
 =  +  E H E H   (4) 
Equation (3) suggests that for an improvement of helicity 
density we need to boost some of the helicity densities scah
, and inth . Moreover, we require to manipulate incident and 
scattered fields so that all terms in Eq. (3) interfere construc-
tively. Indeed, the helicity contributions from both incident 
and scattered fields as well as interference one should have 
similar handedness. 
It is straightforward to show that if both incident and scat-
tered fields are optimally-chiral, i.e., they satisfy Eq.(1), the 
total nearfield is optimally-chiral as well. Therefore, we il-
luminate the NA by an optimally-chiral beam and devote the 
rest of this section to investigate helicity density of the scat-
tered nearfield scah  and to the study of how the interference 
between the incident and scattered fields influences the he-
licity density of the total nearfield. Without loss of general-
ity, we assume that the NA is isotropic operating in its dipo-
lar regime, and model it by the induced electric and magnetic 
dipole moments NAp  and NAm , respectively, located at the 
origin of the coordinate system (see FIG. 1 (b)). Therefore, 
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scattered electric and magnetic fields at position ˆr=r r  , 
where the hat denotes a unit vector, read 
 
1
sca NA 0 NA
2
NA NA2 2
0
ˆ ˆ ˆ( ) 1 ( )
1
ˆ ˆ3 ( ) ,
4
ikr
i
c
kr
i k e
kr rk r 
−  =   − +  +  
 
 
+ −  −  
  
E r p r r m
r r p p
 (5) 
and 
 
sca NA 0 NA
2
NA NA2 2
ˆ ˆ ˆ( ) 1 ( )
1
ˆ ˆ3 ( ) ,
4
ikr
i
c
kr
i k e
rk rr k 
  
=   + +  +  
 
 
+ −  −  
  
H r m r r p
r r m m
 (6) 
, respectively, with k  being the wavenumber in vacuum. 
These two equations imply that the scattered field of the pro-
posed NA is optimally-chiral everywhere in space 
sca 0 scaiE = H , hence not only in the near-field zone of 
the NA, when NA 0 NAic= m p . 
 Therefore, the dominant contribution of the helicity density 
scah  of scattered fields in the near-zone of the NA at the ra-
dial positions ˆr=r r  reads  
( )( ) 0sca NA NA NA NA2 6 ˆ ˆ3 .32h r

 
   + r p r m p m  (7) 
Note that in evaluating Eq. (7) for the nearfield of a NA,  we 
have only considered the dominant terms with 3r−  depend-
ence. The term NA NA{ }
 p m in Eq. (7) not only relates he-
licity to the strength of induced electric and magnetic dipole 
moments in a NA but also implies that the dipoles relative 
spatial orientation and phase should be controlled to maxim-
ize helicity density of the scattered nearfield. Note that at 
location vectors  r  that are parallel to both dipole moments,  
the term  NA NAˆ ˆ3( )( )  r p r m  has a constructive contribu-
tion to the enhancement of the helicity density scah . In other 
words, these location vectors define the regions where helic-
ity around a NA is the strongest.  
In what follows, we examine thoroughly how to obtain opti-
mally-chiral scattered field when a dielectric NA is irradi-
ated by an optimally-chiral beam. 
A. Dielectric NA illuminated by optimally-chiral illu-
mination 
The dipole moments NAp  and NAm  are, respectively, re-
lated to the incident electric and magnetic fields oincE  and 
o
incH at the position of the NA  through the electric and mag-
netic polarizabilities NAee  and 
NA
mm  of the NA as 
NA o
NA ee inc
NA o
NA mm inc
,
.


=
=
p E
m H
    (8) 
The superscript “o” denotes the NA’s position which is the 
origin of the Coordinate system in our example. Since we 
consider an optimally-chiral incident field, i.e., 
o o
inc 0 inci= E H ,  according to Eq. (8), the relation 
NA 0 NAic= m p holds when the balance relation between 
the polarizabilities of the NA 
NA NA
ee m0 m =      (9) 
is satisfied. Therefore, based on our previous discussion on 
Eqs. (5) and (6), the scattered field of the proposed NA (and 
not only in the near-field zone) is optimally-chiral.  In other 
words, the condition in Eq. (9) implies the best possible scat-
tered nearfield everywhere in terms of optimal chirality of 
light since the scattered field carries the same helicity of the 
incident field. Therefore, the problem of obtaining the max-
imum achievable helicity density of the scattered nearfield 
at a given energy density is reduced to acquiring a NA that 
satisfies the balance polarizability relation (9). Such a bal-
ance relation implies that the NA simultaneously possesses 
both electric and magnetic polarizabilities. Though materials 
with significant magnetic properties are not available at op-
tical frequencies [42], “resonant magnetism” is possible for 
example with plasmonic clusters [19], [30], [43]–[50] or di-
electric nanostructures  [51]–[64] that supports magnetic-
like Mie resonances. In the next step, to illustrate in a simple 
way the proposed concepts, we analyze a very simple die-
lectric NA with spherical shape made of high refractive in-
dex material and demonstrate an enhancement higher than 
an order of magnitude in helicity density with respect to that 
of the excitation beam. As an example, we assume the spher-
ical NA with radius a  to be made of  silicon (Si), and  in 
FIG. 2 we  plot the logarithm of normalized (to its maxi-
mum) NA NAee 0 mm  −   versus wavelength    and  radius a
. The quantity NA NAee 0 mm  −   vanishes when the balance 
relation (9) is satisfied which corresponds to negative values 
of its logarithm. Note that for an efficient NA, low losses are 
desired. Here, we assume the dielectric NA to be made of 
crystalline Si.  
Note that when condition (9) holds for a dielectric NA (e.g. 
on the dark regions in FIG. 2), the scattered nearfield, and 
consequently, the total field is optimally-chiral. Moreover, 
although the spatial distribution of helicity density of the 
scattered nearfield is non-uniform around the NA, the 
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relation /| h | u =  holds everywhere in space as long as 
NA NA
ee 0 mm =  is valid for the proposed NA. We note quad-
rupoles for the considered parameters   and a  are negligi-
ble since / 1a  . 
 
 
FIG. 2. Plot of the logarithm of NA NAee 0 mm| | −  (normalized to its 
maximum) versus radius a  of the NA  and wavelength   of the 
excitation field assuming the NA is made of crystalline silicon [65]. 
The dark straight regions corresponding to the value -2 indicate that 
the balance relation NA NAee 0 mm =  is approximately satisfied. Po-
larizabilities are calculated using the Mie scattering coefficients 
[66].  
III. DIELECTRIC NANOANTENNA UNDER 
ARPB ILLUMINATION 
We discuss some scenarios when a dielectric NA is exposed 
to an external optimally-chiral beam. A trivial example of an 
optimally-chiral field is a Gaussian beam (GB) with circular 
polarization [67]. Under this illumination, induced dipole 
moments are transverse to the beam propagation direction, 
which results in a uniform helicity density distribution in the 
transverse plane [67]. Here, instead we analyze helicity den-
sity in the nearfield of a dielectric NA when it is irradiated 
by an optimally-chiral ARPB and induced dipole moments 
are oriented along the optical axis of the beam which leads 
to a localized helicity density along this axis. Next, we 
briefly summarize the pertinent properties of an ARPB.   
A. Optimally-chiral ARPB illumination 
The APB and RPB are obtained by superposing Laguerre 
Gaussian beams with opposite angular momenta [29], [31], 
[32], [37], [68]. The electric field vector in an APB propa-
gating along the +z-direction (optical axis of the beam) is 
polarized along the azimuthal direction ˆ  in the transverse 
plane that, after suppressing the time dependence exp( )i t−
, reads [29] 
R
12 2 tan ( )APB
2
/(A / ) ˆ
2 i z zw ikzV= e e e
w


−−− E                  (10) 
where AV  (with the unit of Volt) is the complex amplitude 
of the beam. Here, 2R 0 /z w = , 
2
0 R1 ( / )w w z z= + , 
R1 /iz z = − , and 
2[1 ( / ) ]RR z z z= + ,  where  0w  and    
are, respectively, the beam parameter and the excitation 
wavelength. The beam parameter 0w  represents half of the 
minimum beam waist when the beam is not tightly focused  
[29]. Moreover,   is the radial distance from the beam axis 
(the z-axis). It is important to note that such a beam has zero 
electric field as well as nonzero longitudinal magnetic field 
components along its optical axis.  
Dual to the APB, the RPB has magnetic field vectors which 
are polarized along the azimuthal direction and read 
R
12 2 tan ( / )/RPB ( )R
2
0
2
ˆi z z ikw z
V
= e e e ,
w

 
−−−
H             (11) 
with a complex amplitude RV (with the unit of Volt). Note, 
an RPB has a nonzero longitudinal electric field component 
along its axis (for the longitudinal field expressions see Refs.  
[29], [38], [69]). ARPB is the superposition of these two vor-
tex beams, i.e.,   
ARPB APB RPB
ARPB APB RPB
,
,
= +
= +
E E E
H H H
                   (12) 
with the same beam parameters. Indeed, by applying the 
source-free Maxwell’s curl equations 0= iE H  and 
0= i −H E  it is easy to deduce that an ARPB pos-
sesses both the electric and magnetic field components along 
the azimuth direction ˆ  as well as along the radial and lon-
gitudinal directions ˆ  and zˆ . One interesting feature of an 
ARPB is that it has exclusively longitudinal electric 
RPB
E  
and magnetic 
APB
H  fields on the beam axis. Moreover, 
when the amplitudes satisfy  *A RV iV=  , the ARPB consti-
tutes an optimally-chiral optical beam that satisfies condition 
(1) everywhere in space (under paraxial approximation). 
Therefore, the transverse and longitudinal electric and mag-
netic fields have a phase shift of / 2 . The  purely longi-
tudinal field components on its beam axis are phase shifted 
by / 2   and form an optimally chiral field [26].  Note that 
*
A RV iV=  and 
*
A RV iV= −   correspond to ARPBs with posi-
tive and negative handedness, respectively. Helicity maxi-
mization in nearfield of a spherical dielectric NA under 
ARPB illumination 
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We consider a situation when the engineered NA with polar-
izabilities which satisfy condition (9), is illuminated by an 
optimally-chiral ARPB propagating in the z+  direction with 
half-beam waist parameter 0w =  . The optical axis of the 
beam coincides with z-axis, and on this axis its electric and 
magnetic fields vectors are purely longitudinal, i.e., parallel 
to each other, and form an optimally-chiral incident field. 
Hence, the induced electric and magnetic dipole moments 
NAp  and NAm  in the dielectric NA are parallel to the z-
axis under such an illumination, and the helicity density of 
the scattered nearfield, introduced in Eq. (7),  at location 
( ,, )r    near the NA reads 
( ) ( )NA NAsca ee m
o 2 *
2i c
m
n
2 6
| |
3cos 1 .
32
h
r
  
 

 
 +  
 
E
                   (13) 
 Now we define the helicity enhancement factor 
o
nsca i c| / | || h h , which is the ratio of scattered nearfield helic-
ity density scah  to the helicity density of the incident field at 
the origin where the NA is located. Note that normalizing 
scattered helicity density to that of the incident field at the 
position of the NA,  oinch , eliminates the influence of the in-
cident field intensity from the enhancement factor 
o
nsca i c| / | || h h . Since the electric incE and magnetic incH  
components of the incident field satisfy inc 0 inci= E H , the 
magnitude of helicity density of the incident field at the po-
sition of the NA reads o o oinc inc inc 0| | || | /(2 )| h c= E H . Conse-
quently, the helicity enhancement due to scattered nearfield 
of the NA is approximated as 
2
2 *
o
inc
NA NAsca
ee mm6
0
| | 1
3c .( os 1) ( ) }
| | 16
{
h
h r
 

 +   (14) 
It is clear from Eq. (14) that the maximum helicity density 
occurs at  0, = , i.e., along the z direction, since both mo-
ments NAp  and NAm  are oriented along z.. We also define 
the energy enhancement ratio oincsca /u u  as the time-averaged 
energy density of the scattered nearfield at a desired location 
with respect to that of the incident field at the position of the 
NA.  
The plot of helicity and energy density enhancements 
o
csca in/ || h h and 
o
incsca /u u for various values of radius a of the 
spherical NA and  wavelength  , evaluated at the surface of 
the NA along the z direction, i.e., ˆar = z , is shown in FIG. 3. 
Note that in Eq. (14) we only considered the dominant terms 
of the nearfield of the NA, generated by the superposition of 
an electric and a magnetic dipole, to provide a simple ana-
lytical formula. However the values demonstrated in FIG. 3 
include all the term of the dynamic Greens function for com-
pleteness, and we note that these values are very close to 
those provided by the approximate formula given in Eq.(14)
. Next, using the evaluated time-averaged helicity and en-
ergy densities at the surface of the NA at ˆar = z , in FIG. 4 
we plot the required radius of the NA versus excitation 
wavelength   to enforce: (a) that the balance relation (9) 
leading to an optimally-chiral field is satisfied [which is 
equivalent to having scattered nearfield satisfying the condi-
tion sca sca| h |= u /  ]; (b) maximum helicity enhancement 
maxh ; and (c) maximum energy density enhancement maxu . 
In all the cases the power of the incident ARPB is kept con-
stant.  
 
FIG. 3. Enhancement of (a) helicity and (b) energy densities on the 
surface of the proposed NA, evaluated along the +z direction, i.e., 
at ˆar = z , when illuminated by an optimally-chiral ARPB propa-
gating along the positive z direction with beam’s half-waist param-
eter 0w = . The very bright region represents the area where scat-
tered helicity density is 11 times larger than that of the incident 
beam at its axis. Helicity and energy enhancements occur in regions 
close to each other. 
As it is clear from this figure, at each wavelength the maxi-
mum helicity and energy densities maxh  and maxu do not oc-
cur at the same NA radius. Indeed, the concept of optimal 
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chirality refers to | h |= u /  , since we know that at given 
frequency, | h |  cannot be larger than | h |= u /  . On the 
other hand, for other radius values, the energy density is lo-
cally increased, whereas at a given radius | h |  is maximum 
(though with | h |< u /  ). This is why the two curves of 
maximum | h | and maximum | u |  are close to each other. In 
the case of a spherical dielectric NA, at the radius where the 
maximum of energy density enhancement occurs, condition 
(1)  is not precisely satisfied, which means that although the 
energy density of the field is enhanced considerably, helicity 
density  does not reach its upper bound | h |= u /  . (Again, 
the upper bound denotes the “optimal chirality” of light [1]). 
Note that the maximum helicity density maxh  curve locates 
between the curve of maxu  and that corresponding to the op-
timal chirality condition | h |= u /  . Moreover, the curve 
corresponding to optimally-chiral field, i.e., | h |= u /  , 
does not cross the curve associated to maxh .  
 
FIG. 4. Radius of the dielectric NA that guarantees the maximum 
enhancement of energy density maxu  , maximum helicity density 
maxh  , and the “optimal chirality” condition | h |= u /    to be sat-
isfied, versus free space wavelength  . In all cases the power of 
the incident field is kept constant. Note that for a chosen operating 
wavelength, the maximum of helicity enhancement, energy en-
hancement, and the condition NA NAee 0 mm =  (for optimal nearfield 
chirality) occur at different radii of the dielectric NA. Maximum 
helicity enhancement occurs at radial values between the other two.  
So far, we have discussed about helicity enhancement due to 
the scattering nearfield of the NA. However, the overall he-
licity density of the field around the NA is determined by 
Eq. (3). In the following, we discuss the importance of the 
interference term inth [see Eq. (4)] to total helicity enhance-
ment. 
Under the balance relation (9) for NAs and considering the 
optimally-chiral ARPB excitation, interference helicity den-
sity in Eq. (4) reduces to 
( )( ) NA o oint ee inc inc inc inc3 .
1
ˆ ˆ3
4
ikrh e
r


  =   − 
 
 r E r E E E
(15) 
We recall that here incE is the incident field at location 
where helicity is evaluated, while oincE  is the incident field 
at the center of the NA.  
 
FIG. 5. Interference helicity density inth  has a considerable contri-
bution to the total helicity enhancement. (a) Interference and (b) 
total helicity density, both normalized to that of the incident APRB 
beam, evaluated at the surface of a dielectric NA. The maximum of 
total helicity density enhancement oinc/ || h h  is approximately 20. 
Regions of high helicity and energy density enhancements (com-
pare with FIG. 3(b)) are close to each other.   
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Total helicity enhancement is given by  
sca int
inc inc inc
1 .
h hh
h h h
= + +     (16) 
Enhancement of both interference helicity density 
o
int inc/ || h h and total helicity density 
o
inc/ || h h , evaluated at 
the surface of the NA along the z+  direction, i.e., at ˆar = z
, is illustrated in FIG. 7. As it is obvious from this figure, 
although the enhancement contribution due to interference 
helicity inth is weaker than that associated to the scattering 
field in FIG. 3, its contribution is not negligible in the total 
helicity enhancement and must be considered in computa-
tions and in NA engineering. 
Finally, three illustrative NAs with three NA radii of a =78, 
84, and 85 nm are considered in FIG. 6, at the operational 
wavelength of 680nm = . These three values are chosen 
from Fig. 4 because at this wavelength they, respectively, 
generate: (a) the optimum-chirality condition | h |= u /  , 
(b) the maximum enhanced total helicity oinc/ || h h , and (c) 
the maximum enhanced energy omax inc/u u . The figure 
shows the distribution of the helicity densities around the di-
electric NA. As it is clear, an enhancement of 20-fold in he-
licity density, localized at ˆar = z   is achieved with a spheri-
cal dielectric NA with a radius of = 84 nma .  Note that this 
value is larger than the enhancement of 10-fold obtained 
with the optimum-chirality condition ( | h |= u /  ), because 
at this radius = 84 nma one has larger energy density u , 
though satisfying the condition | h |< u /  .  Maximum he-
licity enhancement occurs for a radius between that corre-
sponding to the optimally-chiral nearfield and that corre-
sponding to maximum energy density. The radii generating 
maximum helicity and maximum energy density are very 
close to each other. 
 
 
FIG. 6. Total helicity enhancement oinc || h / h  around a dielectric  NA, composed of Si, under ARPB illumination with half-waist 0w = , 
plotted in the x-y plane (a-c), and in the x-z plane (d-f) at 680nm = . At this wavelength, for a dielectric NA with radius a =78 nm, the 
optimal-chirality condition (1) is satisfied in the nearfield, whereas for a=84 and 85 nm  maximum helicity and maximum energy enhance-
ments are obtained, respectively. Maximum helicity enhancement occurs for a radius between that corresponding to the optimally-chiral 
nearfield and that corresponding to maximum energy density. 
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IV. CONCLUSION 
We have presented an analysis of helicity density in the near-
field of a dielectric achiral NA and proved that a NA with 
balanced electric and magnetic dipole moments, i.e., 
NA 0 NAic= m p , generates optimally-chiral scattered near-
field everywhere. To have an optimally-chiral nearfield we 
have used an optimally-chiral excitation, and under this con-
dition, balanced electric and magnetic polarizabilities 
NA NA
ee m0 m =  guarantees that NA 0 NAic= m p . Dipolar 
polarizabilities of a spherical high-density dielectric NA 
mainly satisfy this requirement when its radius is chosen ap-
propriately. Furthermore, upon illumination of  a  dielectric 
NA by an optimally-chiral ARPB, which is a combination of  
azimuthally and radially polarized vortex beams with  elec-
tric and magnetic fields with a 90 degrees phase difference 
and appropriate relative amplitudes, we have demonstrated 
that the NA’s nearfield is optimally-chiral, i.e., it satisfies 
Eq.(1) everywhere in space. The optimally-chiral longitudi-
nal fields of the APRB generate parallel magnetic and elec-
tric dipole that generate optimally-chiral scattered fields 
with the same handedness of the incident field. We have 
shown that the NA’s nearfield localizes helicity density be-
low the diffraction limit and that helicity is enhanced by 
more than an order of magnitude compared to that of an il-
luminating chiral field. These findings enable possible real-
izations of efficient NAs for chirality characterization at na-
noscale. We have observed that helicity can be enhanced 
even more than that corresponding to the optimally-chiral 
field but at the expense of having higher energy density. Op-
timally-chiral fields are important when one desires to obtain 
the maximum possible helicity while keeping a low electric 
field that could alter the specimen to be detected or even the 
detection scheme 
The authors acknowledge support by the W. M. Keck Foun-
dation, USA. 
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